Abstract. Electric power industry is a large carbon emission source sector in U.S which account for 33% of the total emission, so there is a close connection between electric power industry and regional carbon emission market. In this study we take the U.S. Regional Greenhouse Gas Initiative as an example to analyze the how regional carbon emission market impact electric power industry on spot market, investment of power generation and interregional power market transactions. And then further analyze the reaction of electric power industry in regional carbon emission market. The research on U.S. will provide valuable experience for China's national carbon emission market and electricity market.
Introduction
The estimates of carbon emission from electric power industry account for 33% of the total emission in United States, which shows that the electric power industry take an important rule in carbon emission trading and the carbon market will affect the development of electric power industry in various aspect, such as the spot market, power generation structure and power transmission, etc. Due to the close relationship between the electric power industry and carbon emission market, we choose U.S regional greenhouse gas which only include carbon emission form electric power industry as a case study to research how performed under the carbon emission market and it will promote the carbon market and electric power industry construction in China.
There has been a lot of research on greenhouse gas emission reduction in the United States. Literatures [1] - [4] mainly introduces the core mechanism design of the U.S. regional greenhouse gas Initiative (RGGI), introduce about the development and performance of carbon trading system, while the impact of carbon emission market on the electric power industry is less analyzed. Literatures [5] -[10] summarize the development history and transaction mode of U.S. electric power industry, including the operation mechanism of New England, New York and PJM electric power market. The literature [11] focuses on the coupling mechanism between the carbon market and electricity market analyzes the quota allocation mechanism and market efficiency of the RGGI regional carbon market and then examine the electricity operating mechanism and energy structure. The literature [12] lists carbon reduction factors such as the RGGI plan, economic recession, policies and lower natural gas prices, and use econometric model to analyzed if the RGGI plan is the main cause of carbon emissions. In literature [13] game theory is put forward to evaluate how carbon cap-and-trade plan impact the investment of power generation and promote the power market reorganization, analyze the effect of carbon reduction plan for electricity market.
Through the analysis we know that there is less analysis about how U.S. regional carbon emission trading impact electric power industry market. In this research we take regional greenhouse gas initiative as an example to research the performance of the electric power industry under the carbon emission market in RGGI states, emphatically focus on the impact of the spot market, the power generation structure and the power transaction, and further analyze the changes in carbon trading under electric power industry, finally summarize how we need to pay attention if our country electric power industry participate in the carbon market.
The Impact of the Carbon Emission Market on the Spot Market
On the spot market he power producers bid according to the supply and demand functions which is shown in the figure 1, S represents the supply quotation curve, D represents the demand bidding curve, and the intersection point of the two is called the location marginal price (LMP). Assume that demand bidding curve is constant, the operation of carbon emission market will increase the cost of thermal power generation, power suppliers will add the cost of carbon price to supply quotation curve which raise the curve from S to S', and the location marginal price (LMP) will increase at the same time. Compared with coal-fired power plants, the carbon emission cost of natural gas and new energy generation is low, the supply function changes little, and the LMP growth is very small, which is in the advantageous position in the power market bidding. As we known from the analysis of electric power supply and demand function, the implementation of the carbon emission market increases the operation cost of power generation, and the increase cost may lead to the electricity price increasing, while two kinds of price regulation mechanism in carbon trading will limit the fluctuation of carbon price, the stability of carbon markets will ensures electricity prices will not have a big fluctuation. At the same time the carbon emission market revenue is used to invest in energy efficiency management and electricity users and it saves power generation costs. The decline of natural gas price and the development of new energy technologies reduce the cost of clean energy generation and led to the decline of LMP.
Generally the operation of the carbon emission market increases the cost of the coal-fired power plants, compresses the profits of coal-fired power plants, and increase the competitive advantage of the clean energy sources like natural gas and new energy power at the same time.
The Impact of Carbon Emission Market on Long-term Investment of Power Generation
Carbon emission costs force inefficient, high-emission coal-fired units to reduce their power generation, and encourage low or even zero emissions clean energy units increase their power generation. The carbon market also uses the proceeds to eliminate inefficient old units, reduce the carbon intensity of energy-intensive units, and improve energy efficiency. When power suppliers make an assessment of medium and long-term strategic investment, they are more inclined to build gas or clean energy plant. Take RGGI states as an example, after the implement of carbon emission market in 2009, few coal-fired power plants are built, while gas and clean energy plant are still increasing.
The Impact of Carbon Emission Market on Interregional Power Market Transactions
Carbon emission market will affect the power transaction between states, and we explain it by the comparative analysis of RGGI regions and non-RGGI regions. After the economic crisis 2008, the U.S. industry is in a recession. Compared with the situation in 2006-2008, 2012-2014 RGGI regional power load and the total generating capacity are both reduced, the electricity load was reduced by 4.2% and the power generation decreased by 9.1%, while the RGGI regional annual electricity imports increased by 19.1 million MWH, which rose about 34%.
We can analyze that since the implementation of the carbon emission market, RGGI states reduced their own capacity and purchase more electricity from non-RGGI states to reduce carbon emission, this status would changed the power network between the RGGI states and non-RGGI states in a certain extent. In the case of declining power load, the increase of power import proportion in RGGI indicates that the RGGI region has the possibility of carbon leakage to the non-RGGI region. [14] .
Sometimes carbon markets may have a negative impact on the power market, such as the tightening of carbon emission quotas and increase in electricity demand will limit the power generation of coal-fired power plants, power network congestion may be caused by the limited purchase of electricity from states which don't have carbon emission market. The shortage of electricity supply will affects the stable operation of electricity market.
The Performance of Carbon Trading under Electric Power Industry
The electric power industry have an impact on the performance of carbon trading and we can use the cap and trade model to analyze how the energy structure of electricity market impact on the carbon trading. To simplify the explanation, we use a static representation of the market. first we establishes an emissions cap of EC, EB0 represents regulated plants baseline emissions without energy restructuring programs. Reducing emissions incurs costs for the generators and these costs are represented by the marginal abatement cost function, MAC0, rising from more emissions to less emissions. The programs lowers regional emissions from EB0 to EC at a marginal cost of P0. The restructuring of the power structure changed the initial carbon emission, reducing the carbon emission pressure and reducing the marginal price, and may even case the carbon market lose its binding force.
In addition to the energy restructuring in electricity market, demand side management (DSM) model of the electricity market (such as smart meters, energy efficiency and incentive, etc.) will also change the energy pattern and decrease of energy levels, and then affect the carbon trading.
Conclusion
Regional carbon emission market construction and the electric power industry restructuring are both important factors in achieving carbon reduction. Regional carbon emission market will affect the electricity spot market trading, power suppliers long-term investment, so as to change the power generation structure. It will also change the power market transaction between states with carbon emission market and states without carbon emission market, and states with carbon emission market may have the possibility of carbon leakage to states without carbon emission market. By analyzing the research on electric power industry under the implementation of U.S. regional carbon emission market, we provide virous experience for the construction of China's carbon market and electricity market.
The carbon price will increase the generation cost and it will be pass to consumers by power market transaction. Therefore, the carbon emission market should set a sound price adjustment mechanism to ensure the stability of the carbon market and prevent the big fluctuation of electricity price caused by carbon emission market. At the same time we should make a good use of carbon market proceeds to strengthen the construction of the energy efficiency management and invest in user side to compensate power users for higher electricity prices.
